Abstract. The steroidogenic activities in non-hyperfunctioning adrenal adenoma (NHFA) have not yet been fully examined. Steroid content both in adenoma and its non-tumorous adjacent adrenal tissue was measured by the HPLC system in 8 cases of NHFA and 2 cases of preclinical Cushing's syndrome (PCS). Activities of cytochrome P450c17ct, P450c21, P450c11 fl, P450c18 and aldosterone-synthesizing enzyme (P450aldo) were also determined by the enzyme reconstitution system. Steroid content in NHFA varied but no significant difference was seen between NHFA and normal control adrenals. Activities of all P450s except P450aldo were confirmed in NHFA, but they were almost equivalent to those in normal control adrenals. As no significant difference between NHFA and normal controls was observed in either steroid contents or P450s activities, the steroidogenic activity of NHFA is considered to be comparable to that of normal adrenals.
THE NUMBER of asymptomatic adrenal tumors which are discovered incidentally by ultrasonic examination and/or computed tomography (CT) has been increasing lately. The entity of adrenal incidentaloma includes heterogeneous diseases such as preclinical Cushing's syndrome (PCS), adrenocortical cancer, pheochromocytoma, and so on. These important diseases should be excluded from this entity by precise endocrine studies and imaging methods. Adrenal non-functioning adenoma (NFA) may be diagnosed by the exclusion of these diseases. Although the term NFA has been popular until now [1, 2] , it has become evident that these tumors can produce certain amounts of active steroids such as cortisol (F) and corticosterone (B). The term non-hyperfunctioning adrenal adenoma (NHFA) is therefore considered to be more appropriate [3, 4] . Although several reports concerning steroidogenic enzyme activities both in protein (post-translation) and messenger ribonucleic acid (mRNA) levels have been published recently [1] [2] [3] [4] , the steroidogenic activity in these adenomas has not yet been fully examined.
We studied steroid contents and activities of cytochrome P450s in NHFA, and the data were compared to those of normal control adrenals and of PCS. were diagnosed as NHFA by endocrine and imaging studies.
Both steroid contents and activities of cytochrome P450s in adenomas were evaluated in 8 of 18 cases, and steroid contents in non-tumorous adjacent adrenal tissues were also examined simultaneously. The patients were 6 men and 2 women aged from 37 to 70 years. The maximum diameter of the tumors as determined by CT scan ranged from 2.0 to 4.5 cm, and the weight of removed adrenals ranged from 7 to 35 g (mean 21 g). Both steroid content and enzyme activities were also evaluated in two cases of PCS. As a control, we used 5 cases of normal adrenals which were obtained from patients with renal cancer (Table 1) . Plain and enhanced CT scan, and adrenal scintigraphy were performed in all cases, whereas MRI was conducted in 6 of 8 cases. Two cases of PCS were discovered incidentally by CT scan for hypertension and gastric submucosal tumor, respectively.
The diagnosis was verified by precise endocrine studies and adrenal scintigraphy.
Evaluation of steroidogenic activities
Steroid contents were measured by the HPLC system reported previously [5] . The microsomal and mitochondrial fractions were obtained by differential centrifugation [6] . The assay of P450 activities was performed according to the methods reported by Suzuki et al. [3, 4] and by ourselves [7] . In a reconstituted enzyme system including 100 ,umol/ l DOC as a substrate, 14 pumol/l bovine adrenodoxin, 0.3 pumol/l NADPH-adrenodoxin reductase as an electron transport system, 5 mmol/l isocitrate, 0.5 units/ml isocitrate dehydrogenase, and 5 mmol/l MgC12 as an NADPH-generating system were dissolved in 100 mmol/l potassium phosphate buffer.
The reaction was initiated by adding NADPH and terminated by adding dichloromethane.
The reaction products were extracted with dichloromethane and analyzed by the same HPLC system as described above [5, 7] . The statistical analysis was performed with Student's t-test.
Results

Clinical examinations
Although mild hypertension was observed in 5 of 8 cases, hypopotassemia and hyperglycemia were not seen in any of them. Basal levels of PRA, PAC, plasma ACTH and F were within the normal ranges.
Plasma F levels were suppressed significantly by 1 mg of DXM in subjects who underwent on overnight DXM suppression test. Plasma catecholamine levels and urinary excretion of VMA were also within the normal ranges in all cases (Table 1 ). In two cases of PCS, no Cushing's stigmata were seen, whereas plasma ACTH levels were suppressed to undetectable levels, and plasma levels of F were not suppressed even by 8 mg of DXM in both cases. The increased response of plasma F to ACTH stimulation was observed in case 9 with a larger mass. As the response of plasma ACTH to CRH, or that of plasma 11-deoxycortisol to metyrapone showed positive responses, ACTH secretion was not firmly suppressed in both cases ( 
Steroid content
The amount of F in NHFA varied and was rather reduced, but no statistical difference was observed when compared with those in normal control adrenals. The B concentration also varied, and in two of eight cases (cases 1 and 7) the B concentration exceeded 10 ug/g tissue, but no significant difference was observed. Although 11-deoxycortisol (S) and 04-androstenedione (A-dione) were reduced significantly, those of 11-deoxycorticosterone (DOC) and 17-hydroxyprogesterone (17-OH P) were equivalent to those in normal adrenals.
Progesterone (P) concentrations were rather high, but no statistical difference was observed between NHFA and normal controls. Steroid contents in non-tumorous adjacent tissues of NHFA were almost equal to those in normal control adrenals except the 5 concentration. In cases of PCS, F content was equivalent to that in normal adrenals, whereas the amounts of other steroids such as B, S, A-dione, DOC and 17-OH P were rather lower than those in normal adrenals. Steroid contents in non-tumorous adjacent adrenals were equal in case 9, but were reduced in case 10 compared with those in normal adrenals. We could not detect 18-hydroxycorticosterone (18-OH B) or aldosterone in NHFA, PCS or normal control adrenals (Fig. 1) .
Activities o f P450s
Activities of P450c17a and P450c21 in NHFA were almost equal to those in normal control adrenals, and no significant difference was observed.
In two cases of PCS, P450c17a activity was 4.19 and 2.75 nmol/min/mg protein, respectively, whereas in one case (case 10), P450c21 Steroid content in adrenal adenoma and non-tumorous adjacent adrenal tissue. Steroid content in non-hyperfunctioning adrenal adenoma (NHFA), its nontumorous adrenal tissue and normal adrenals is shown as the mean+ SD. All data are expressed as µg/g tissue weight. The closed circle (case 9) and the closed triangle (case 10) represent two cases of preclinical Cushing's syndrome. Statistical significance was observed between NHFA and normal adrenals: a: P<0.05, b: P<0.01. F, cortisol; B, corticosterone; 5, 11-deoxycortisol; 17-OH P,17-hydroxyprogesterone; P, progesterone; DOC,11-deoxycorticosterone; A-dione, &-androstenedione. activity was definitely increased (6.75 nmol/min/ mg protein). The P450c11fl activity was calculated by the amount of B produced, and the P450c18 activity was also calculated by means of the amount of 18-hydroxy 11-deoxycorticosterone (18-OH DOC) with DOC as a substrate. Activities of P450c11fl and P450c18 in NHFA were almost same as or rather higher than those in normal adrenals, but no significant difference was observed. In cases of PCS, the activity of P450c11/3 was rather high in case 9, but normal in case 10. We could not identify P450aldo activity in any of the present cases (Table  3) . adrenals in activities of P450s. But in cases with high B and P levels, and with normal F levels, P450c17a activity was reduced (2.03, 2.75 nmol/ min/mg protein), but P450c11fl activity was increased (7.20, 7.21 nmol). In spite of a high B concentration and P450c11 J3 activity, aldosterone and 18-OH B were not detected due to the weak activity of P450aldo.
F production may be compensated for by high P450c11fl activity in these cases. Racz et al. [1] reported that 17-OH P concentrations were high due to reduced activity of P450c21 in NFA, but the present study showed a different result, that is, the activity of P450c21 in NHFA was exactly the same as that in normal control adrenals. On the other hand, Suzuki et al. [3] reported high P450c17a activity and equivalent activities of P450c21 and P450c11fl in NHFA compared with those in non-tumorous adjacent adrenals. Ogo et al. [2] examined mRNA levels which encode P450scc, P450c11f3, P450c17a and P450c21 in NFA, and the amounts of mRNAs were almost equal to or rather lower than those in normal control adrenals. The present study provided the different results from those of Suzuki et a1. [3] regarding P450c17a activity in NHFA, but similar results to those of Ogo et al. [2] . These different data on amounts of steroids and P450s activities in NHFA may be attributed to the scattered distribution of tumor cells positive for P450s, Table 3 . Activities of cytochrome P450s in adrenal tissues especially P450c17a and P450c11f3 [8] . But, it is difficult to draw definite conclusions concerning activities of P450s of NHFA, and further studies are needed because of the small number of cases examined. Nevertheless, both the present study and previous reports revealed that NHFA has subnormal P450s activity, and it can produce active corticosteroids. P450 activities in NHFA were similar to those in normal control adrenals, but different from those in endocrinologically functioning tumors such as aldosterone-producing adenoma (APA) or cortisol-producing adenoma (CPA) [4, 9, 11] . The reason why NHFA does not exhibit clinical and/or laboratory abnormalities may be the subnormal activities of P450s both in protein and mRNA levels in these adenomas. Histologically NHFA is composed of clear and compact cells, and the ratio of cell types is different in each case.
The analysis of steroidogenic characters at the cellular level is difficult to be done with biochemical techniques.
Because of this, Sasano et al. [8, 10] immunohistochemically examined the localization of steroidogenic enzymes such as P450scc, P450c21, P450c17a and P450c11f3 in tumor cells of NHFA. The distribution of positive cells relating to P450s was not diffuse, but scattered, according to their report. The present data on P450s activities may be correlated with the heterogeneous distribution of tumor cells positive for P450s. As for PCS, case 9 showed similar activities of P450c17a and P450c21, and rather higher P450c11fl activity than those in normal adrenals. This pattern of enzyme activities is comparable to that in most of cases of NHFA. On the other hand, in case 10, activities of P450c17a and P450c11f3 were almost equivalent to those of normal controls and NHFA, whereas that of P450c21 was definitely high. This pattern was not observed in the present cases of NHFA, and was different from that of CPA. In CPA, high activities of P450c17a and P450c21 both in protein and mRNA levels were reported [4, 9, 11] . Although F content in case 10 was greater than in case 9 despite rather reduced P450c17a activity, it may be accounted for by increased P450c21 activity supporting F production in the adenoma in case 10. As several differences were observed between two cases of PCS, that is, age, tumor volume, response of plasma F to ACTH stimulation and P450c21 activity, it was considered that the entity of PCS is heterogeneous, and several subtypes which produce various amounts of F may exist [12] . As a result of the present study, the steroidogenic activity in NHFA was considered to be similar to that in normal control adrenals.
The term NHFA is therefore considered to be more appropriate than NFA because of the steroidogenic characteristics of these adenomas.
We advocate that surgery for NHFA is not indicated unless there are abnormal findings in imaging methods which suggest adrenal cancer or pheochromocytoma.
On the other hand, follow-up imaging studies are extremely important because hemorrhagic lesions in adenomas are not rare as in the present cases [13] . If the rapid enlargement of tumors with heterogeneous density occurs, surgery should be considered because of the possibility of malignancy and/or intratumor hemorrhage.
